Abstract
METHODS:
Forty-six hybrid Landrace pigs were divided into two groups (donors and recipients) randomly, and pancreatoduodenal allotransplantation was performed. Donors were perfused via abdominal aorta without clamping the portal venous outflow with UW solution at 80-100 cm H 2 O after heparinization. Whole pancreatoduodenal grafts were harvested with segments of abdominal aorta and portal vein, and shaped under 4 ℃ UW solution. Then, end-to-end anastomosis was performed with the donor iliac artery bifurcation Y graft to the recipient superior mesenteric artery and celiac artery. Furthermore, type I diabetes model was made by removal of the recipient pancreas. The venous anastomosis was reconstructed between the donor portal vein and the recipient superior mesentery vein. Meanwhile, end-toside anastomosis was performed with the donor common iliac artery bifurcation Y graft to the recipient abdominal aorta, and side-to-side intestinal anastomosis was performed between the donor duodenum and the recipient jejunum. External jugular vein was intubated for transfusion. Levels of plasma glucose, insulin and glucagon were measured during the operation and on the 1 st , 3 rd , 5 th , and 7 th d after operation.
RESULTS:
Pancreatoduodenal allotransplantation was performed on 23 pigs of which 1 died of complication of anesthesia. The success rate of operation was 95.6%.
Complications of operation occurred in two cases in which one was phlebothrombosis with an incidence of 4.6%, and the other was duodenojejunal anastomotic leak with an incidence of 4.6%. 
INTRODUCTION
Pancreas transplantation or combined pancreas-kidney transplantation is a radical therapy method for insulindependent diabetes mellitus and its complications. Though immune inhibitors and improvement of surgical technology have achieved obvious improvement of graft functional survival, surgical technology is still one of the important factors contributing to the failure of pancreas transplantation. The rate of it was 7-14% to simultaneous pancreas-kidney transplantation (SPK), 8-23% to pancreas after kidney transplantation (PAK), 10-23% to pancreas transplantation alone (PTA). Since 1995, over 1 000 cases of pancreas transplantation have been done [1] . Surgeons always want to decrease the failure caused by surgical technology, and to perform pancreas transplantation according to the status of anatomy and physiology. To pancreas transplantation, there are two types of exocrine drainage, one is bladder drainage (BD), the other is enteric drainage (ED). There are two types of endocrine drainage, one is systemic drainage (SVD), the other is portal venous drainage (PVD). BD could cause metabolic acidosis, uterine reflux pancreatitis, and urinary bladder stimulation that contributes to mucous erosion, bleeding, urinary tract stricture, etc.; so ED has to be performed after about 25% of BD operations [2] . In SVD cases, insulin and glucagon flow into systemic venous system, not through the liver first; so it is not good in improving of microvascular lesions [3] . In PVD cases, pancreas glucagonoma can be avoided, and immune intolerance can be induced because the graft antigen goes into the liver directly. The combination of ED and PVD in pancreas transplantation is better to the status of anatomy and physiology. The pig anatomy structure is similar to that of human being, so it is very useful to set up an animal model with combined ED and PVD in pancreas transplantation.
MATERIALS AND METHODS

Experimental animals
Forty-six local Sichuan hybrid Landrace pigs, weighing 25-32 kg, were used as donors and recipients, and were provided by the Pig Institute of Sichuan Agriculture Science Academy. They were fasted for 12 h and forbidden drinking water for 6 h before operation.
Anesthesia and monitoring
Atropine (0.5 mg) and ketamine (15-20 mg/kg) were intramuscularly injected before anesthesia, 0.25% thiopental sodium was intravenously used, ventilation was provided by tracheal intubation. The anesthesia was maintained with 2% procaine and 0.15% succinylcholine chloride. During operation, ketamine, diazepam or fentanyl was sometimes used for better anesthesia; ECG, arterial pressure and SaO 2 were monitored. A trocar was placed in the auricular vein for fluid infusion.
Donor operation
We used anterior abdominal median incision. The stomach was removed, and the end of duodenum was blocked. The proper hepatic artery and common bile duct were ligated and divided. The portal vein was isolated. The superior mesentery artery and vein were isolated and ligated. The jejunum was divided at the site of 5 cm to the superior mesentery artery, the bilateral renal arteries and veins were isolated and ligated. The spleen artery and vein were ligated. Heparin (200 IU/kg) was intravenously injected to get systemic heparinization, 1 000 mL of normal solution (4 ℃) was poured into abdominal cavity. An abdominal aorta cannula was placed, the abdominal aorta was blocked at the site up to the celiac artery, and the in site flushing of fluctuating UW (4 ℃) fluid (about 2 000 mL) was made through the former cannula. The perfusion pressure was 80-100 cm water column. The portal vein was divided, and the end near the pancreas was open, the other end was ligated. The perfusion was stopped when the temperature was down, pancreas became pale, and effluent from the portal vein was clear (Figure 1 ). The head of pancreas was mobilized to the right of aorta, the tail of pancreas and spleen were mobilized. The aorta was divided above its fork, lumbar arteries derived from the proximal part of abdominal aorta were ligated and divided. The left or right common iliac artery and internal and external iliac arteries were removed.
Modification and storage of donor grafts
The pancreas and duodenum were stored in UW fluid (4 ℃) of a plastic bag, which was placed in a basin containing cold normal solution (Figure 2 ). The abdominal aorta was opened in the back wall, the peripheral of celiac artery and superior mesentery artery remained as elliptic Carrel patch, whose diameters were 0.5-0.8 cm. The celiac stem cannula and superior mesenteric artery cannula were placed for UW fluid perfusion. The portal vein was modified and 1.5-3. 0 cm of it remained. The small blood and lymphatic vessels around the pancreas were ligated one by one. The fat tissue and lymph nodes were removed. The incision of anterior duodenum wall was made for the wash with metronidazole (0.5 g) and amikacin (0.4 g). The length of 20-30-cm duodenum was left for transplantation. An anastomosis was made for the opening of celiac stem and the distal end of external iliac artery, so did for the opening of superior mesenteric artery and the distal end of internal iliac artery. The modified graft was placed in UW fluid (4 ℃). 
Recipient operation
After anesthesia worked, a cannula was placed in the external jugular vein, an anterior abdominal median incision (18-20 cm) was applied. Then the whole pancreas was removed. The superior mesentery vein and portal vein were exposed. After the anterior part of superior mesentery vein or portal vein was clamped with a vessel nip, whose caliber was similar to the diameter of the proximal end of the donor portal vein, was made. The lacuna was rinsed with normal saline containing heparin. The donor portal vein anastomosis was performed in an end-to-side fashion to the recipient superior mesenteric vein or portal vein ( Figure 3A) . The abdominal aorta distal to the renal vein was freed. After the anterior part of abdominal aorta was clamped with a Satinski nip, an incision (1.0-1.5 cm) was made in corresponding part of the recipient anterior abdominal aorta wall. The donor common iliac artery anastomosis was performed in an end-to-side fashion to the recipient aorta ( Figure 3B) . The blood circulation to the graft was recovered after the former anastomoses were finished, the graft became pink, and its arteriopalmus and peristalsis were restored. The donor duodenum anastomosis was performed in a side-to-side fashion to the recipient jejunum 8-10 cm distal to the recipient Treitz ligament ( Figure 3C ). After the spleen was removed, the graft was placed in the right part of abdominal cavity.
Postoperation management
After autonomous respiration, steady blood pressure, and normal pulse were recovered, the tracheal intubate was removed. After operation, the recipient pig was forbidden drinking for 24 h, and eating for 2-4 d, and received 1 000-2 500 mL fluid infusion intravenously in those days. During the 1 st d after operation, the recipient received the fluid at the ratio of glucose to insulin 1:4, 3 g ampicillin, 0.5 g of metronidazole, 40 mL danshen injection, 500 mL low molecular dextran, and heparin (1 mg/kg). To monitor the graft function status, the plasma glucose, insulin, and glucagon were measured, and pathology examination was performed. Plasma glucose, insulin, and glucagon were measured 30 min after the pancreas was removed, 30 min after blood circulation to the graft was recovered, and on each of the first 7 d after operation. The graft biopsy tissues were obtained on the 1 st , 3 rd , 5 th and 7 th d after transplantation. The biopsy tissues were observed by naked eyes and microscope after being stained with HE. The Nakhleh criteria [4] were used as follows: Criteria for pancreas rejection The score was 0, if no rejection could be seen. The score was 1, if mild rejection could be seen (Lymph cells could be seen scattering in external secretion tissues, especially in tissues among pancreas lobules. The pancreas islet and pancreas duct were normal.). The score was 2, if moderate rejection could be seen (Diffused lymph cells and plasma cells can be seen in pancreas tissue, and local necrosis lesions or small pitch of wrecked granules could be seen. Lymph cells infiltrated in the area around pancreas duct. The structure of islet was normal, sometimes a few inflammation cells could be seen in islet.). The score was 3, if severe rejection could be seen (Much more lymph cells and plasma cells can be seen in pancreas tissue. Sweeping wreck of granules and sometimes pancreas fibrosis could be seen. Islets were wrecked and some or all of them disappeared. Vascular rejection, vessel endothelium inflammation, and fibroid necrosis could be seen.). 
Criteria for vascular rejection
RESULTS
Success rate of operation
Of the 23 pigs that received pancreas transplantation, only one pig died from anesthesia accident. The survival rate was 95.65%. The longest survival time was 96 d. The operation time of donors was 73.84±6.86 min, and that of recipients was 143.25±18.14 min. There was no warm ischemia, the time of cold ischemia was 117.30±18.02 min. The portal vein anastomosis was 38.30±5.60 min, the time of artery anastomosis was 26.20±2.26 min. Two complications were observed, one was pancreas phlebothrombosis, the other was duodenojejunal anastomotic leak. There was no complication of vessel anastomosis, transplantational pancreatitis, or pancreatic ascites. The graft biopsy tissues were obtained on the 1   st   , 3 rd , 5 th , and 7 th d after transplantation. There was one case of pancreas infarction. Seventeen cases survived with good blood supply to pancreas.
Survival of grafts
Graft function after operation
Normal limosis plasma glucose of pigs was 5.22±0.92 mmol/L, plasma insulin was 8.34±2.43 mU/L, plasma glucagon was 177.73±12.11 pg/mL. 
A C B
Pathology of rejection
During the first 3 d after transplantation, mild edema of pancreas could be seen. There were no exudation, congestion, or adhesion of pancreas. Under microscopy, lymph cells and monocytes could be seen in pancreas matrix, not in islet ( Figure 4A ). During the 5 th -7 th d, there were mild edema, congestion and adhesion of pancreas. Under microscopy, local or extensive infiltration of lymph cells and monocytes, apoptosis body could be seen (Figures 4B and C) . There was separated or small pitch of necrosis of pancreas adrenal cells, extensive infiltration of lymph cells could be seen around small vessels, a few lymph cells could be seen around islets. During the 7 th -9 th d, the pancreas became more flexible, adhered to peripheral tissues, looked pale, and had good blood supply ( Figure 4D ). Under microscopy, extensive infiltration of lymph cells and monocytes could be seen in pancreas and around vessels. There were vessel endothelium inflammation and extensive fibrosis of pancreas ( Figure 4E ). During the 2 nd -4 th wk after operation, the pancreas glands and islets were replaced by connective tissues. Extensive lymphocyte infiltration could be seen in pancreas ( Figure 4F ).
DISCUSSION
Our data indicated that the plasma glucose arose 30 min after the pancreas was removed, became normal 2 d after transplantation, and arose again 15-21 d after transplantation. The half life of insulin or glucagon was only 5-10 min, indicating that the graft endocrine function was normal 2 d after transplantation. There was no host plasma insulin or glucagon after the recovery of grafts. It was different from SVD, the plasma insulin and glucagon levels were normal [5, 6] indicating that the PVD in pancreas transplantation is better for the treatment of type I diabetes mellitus. To the rejection, our data indicated that mild rejection appeared on the 1 st d after operation, and became more serious with the time protracted. At the same time (2 wk after transplantation) plasma glucose, insulin, and glucagon were normal, indicating that we cannot know if there is rejection, or how serious the rejection is, after the operation. More sensitive criterion must be found for clinical work [7] . The length and diameter of pig portal vein are similar to those of human beings [8] , setting up of a pig animal model is beneficial in clinical pancreas transplantation with ED+PVD. It was reported that primary ED was associated with a high incidence of early graft thrombosis, a complication that is the major cause of graft loss in PTA recipients [9] . Our data show that only 1/23 had thrombosis of pancreas, no complication of vessel anastomosis was found.
Our pig model of pancreas transplantation was improved on the following aspects [5, 10, 11] : (1) The outflow of the graft was performed through the anastomosis of donor portal vein to the recipient inferior vena cava. (2) The arterial inflow to the allograft was achieved by a single anastomosis of an aortic patch to the intended target in the recipient. (3) The pancreas exocrine drainage to the urinary bladder was performed through the duodenocystostomy. The present technique has the following advantages. (1) The outflow of the graft was performed through the anastomosis of donor portal vein to the recipient portal vein. It is better to the status of anatomy and physiology. ( 2) The Y-graft was anastomosed to the recipient abdominal aorta and the blood supply was achieved through it. It is a standard arterial reconstruction of clinical pancreas transplantation [12] , because it is good for simultaneous liver procurrent [13] . The allograft was modified, and Y-graft was achieved under the protection of cold preservation solution. It did not prolong warm ischemia [14, 15] . (3) The pancreas exocrine drainage to the jejunum was gained through an anastomosis of donor duodenum to the recipient jejunum. So there were no complications in duodenocystostomy, such as metabolic acidosis, uterine reflux pancreatitis, and urinary bladder stimulation that could contribute to mucous erosion, bleeding, urinary tract stricture, etc. [16] . (4) During the operation of blood vessel anastomosis, the abdominal aorta or inferior vena cava was not obstructed completely. Then, during the operation, the disadvantage effect on the recipient blood circulation was lesser.
In conclusion, our pig model is a model with ED and PVD. It is better to the status of anatomy and physiology. Now, more and more clinical pancreas transplantations with ED and PVD are performed [16, 17] , our pig model of pancreas transplantation can work better for the further study of pancreas transplantation.
